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[a««2] *?A0. 8»aT<0*:7 7-<7RffiJt 
fi±K«/a*n*:*t8ABfb;*f »J $ A*¥*fl;»Ri: , 

a&m&mt* $ ajm^±k nficD*»ASKb# 

A»b# 'J $ A»¥B*B ^ 6« SJbfcJi />* < * t, 

[B#*3] *7«0. 8«J£lT^7T-<rRffi* 
«±K»#S*i**«a»b#U $ AK¥«*«MCDH 
«#100-~5000*yifAhn-A-ca*ri:ft» 
« * T *a#£ 1 * * i >t* 2 &«<&Bfb*f U ^ A 

[a$*4] #«AH<b#'J$A»i(t*«;#Ga, I 

A/-C«c«Ci:«:*mfr&B*ai. 2*Soli3I5tt 

HUMS] #«A»b;tfy^A»i|!^#Ga, I 
nfc*v^*Al I I I«7t;*ft* 

Wb^ft##-r*#xv-Ai:, I I I«5t*fc#«& 
#*tttb^fclII«^fc«ttH"*cfcicj:y f K 

s&btcttMBf mpj *A*#a^ft«/ai-*x 
A&*m<**m&tzxa. o-rfurawiABfl:* 
AB<b# y a****b ft Mtr *xs t < t * 

tWfCfc ftfflttfcr*JNMM&^a«3M. 

(KM 7] MBEttlC&tvc, Baft****** 
Wb^HftWWftarxv-xi:, illBicBftftft 

-r^a«cv-xft^r^isA/aiajBSfflv\ 

0. 8B«T®*77*7RB»tLtKBBfc**-r& 
I IBJHiftWWftCfcfciU. « 
*fi±ic*fcA»<b#'J ^/.SiHHMKMtil, 

H*tfl 0 0-5 0 0 0#>^Aha-A-Cfc*zi:fc 
^^1"^a^6S£«0^*«3t*^Rit*ft. 
[B#58] 8»fc**r**#Xtt<b£ttfc LTtt, 
7>*-7, S7yfcB». tK9^t«Ptti;>lf 

;ufcK5y>*6W«ifc#xftJii\ B*v-*fcL 
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■B*&BI**fc^&< fc«-aflftftt'*£fcfcMgt 
-*"*B*ji 6 h h v Mi 7 etttiD¥Sft£ft£?afl& 

[*B<&8«fc8t*B] 
[0001] 

UBU:®#W»B] BK?-f *7l/- f % 

iM^OA(MOj«B«icBB«B^«~«fiB3fe5r^ 

*. 

[0002] 

X*<B#Bi:bT. EMftftlOftJGUdtt<t*Z 

<b**iTn*n. B*Wl'-»ftB*3r-f*-KSJ:tfi/ 
— tf-yY*-KkLTtt, G a N, ZnSe, 2nS 

[0003] U^L, — lWS»cr#i6©fl:w<>K^i' 
y^ftW1-^<b^ft^l(WW^f«8liBL< ( 

fl*.ff, «ft»W»?4:Lr«M**ir^«Bft 
*fU*A (GaN) tt, Cft«ttf77Y7Cl±IC 

mocvds, *^v^tvPES^ck»jjSfllsnrv^ 

[/t-t* ir 77 7</«(Jburnal of Applied Ph 
yaics)56 (1984)2367-2368] #, a#fcJ6Aft«*fc«& 
fcttKJtMftS<Tft^tfft»J, Rjfi^KSI 

-eftofc. ae>K, 9U?$4*?1»£&ABB£9F 

aLWftkftU, **U7*BjMb&T*# 

T, *hftMBT*fcAlcif7 7'f7CH±fcBfcr^ 
$-9A^y77-BftB»t. *©±tCJt«»«ffCD 
^#v>G a NBBftf»LTi>i»*«3t«^ftfaiLT 

[0 0 0 4] ffla^Wfti^-rsK^-c 

it, «aaT*BB*AKB?S/*7-ftBiBbrSttfl: 

K (Jap.J.Ap P l.Phys,),20 t L545(1981)] tf, £ 

0>;frfct: J; r B5K ^ v ^fc i flKcoHKti» <i p 
*fc, BB©^fitfizaftPJ:inStt©»i> 

a*Bftfflv^T«siftft^£i:*^t*en. -tcosttoD 

Bv^B»tB*fcA»c^9XTft#aB'r«*tt*M7ibft 
c.Sci.T6chnol.) f A7 t 701(1989)] #&&l/C^4^®# 
[0 0 0 5] $e>VC, ^7 7^7Rffi±^B<b^f'J7A 
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xm+fK - KssKoafb* y o j*&m»mm * « 

ftCfcliTtT^fc^. Ut/S4*3I#£S5 1@fc** 
£«SSZI000] CC&fcA, ft 

cfcttff&TBBVfty, *ftibfc»7Wto*eftn 

[0006] 

[«^a*#ftLJ:}i:1-ftSlffl *X«t, C<0HB,6 

Tftft. 

[0007] 

[aH&#ft-rftfc«&<&^a] **#»*iifMsraa£ 

titzWtO)*m»%XX?*&z z t **e * ft <k i fc« 

[0008] *«Bj§^«-ii^7A0. 8* 20 

OTCD* 7 7 >f 7 RBSflLhMRrt* fi&MMfb* 

k*vc. a»fc*^ft#;u*ft£***iM-ft#* 

RBSC±£BMfc*W*&#xtt<b£ft2: I I IIKtc 
««at*^i:W»J. ttS£Jbic#ttU{b#-y 9 30 
AjM£KMfcftOT*X«L IIMIU<b#y9A± 

tc n904«u<b#y o &jf&mtti»&tzxm* 

i S*&*ft«ttJUNb#y 9 A»¥»<W1*» 

^ftXSfc'>*<kt>#*£fc*mfc+ft¥»<«8 

[0 0 0 9] JBIT, **Hfc-3V^Ta6lClMi»C||ffl-r 
ft. *JW!K*?ttft*7a0. 8«WW7 7>f7R 
Bfctt. Sm&V?7<<7 (o-Ah 0» ) ICfcVT 

[1. -1, 0, 2] B (RB) #^7W-ftx0. 40 
8 £ttT0ffC-ClStEBfc fcoT^ftSMWBG):: t t 
ft*. CM7«C u - K a«AP«X>BlfrttC 
£ ft x»a y *>5ra-"7*6Bttt* r t 4. 

*?n#o. safiLhicftftfcftBMftrfu^A** 
&»fijt*r l «6t ^¥a?fcaB «: ft *efia 

**<fc-oTL*i. Lfc#oT. #7ftt*0. 8££l 
T?ft*CfcjWg*C»y f #*L<t±0. 5*«T* 
et:»iL<l±0. 3ajttTT*ft. RHEE 

d iBUtmm^mmmm) tuyxsy-^^- so 
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>a*«a-c $ ft «fiaffi-c& « w t aw* l ^ * ® -c » 
ft. 

[0 010] J^CSttftMUfctfy***** 
Wlktt, Al, Ga, ftft^ li I n *&flfctttft4»fe 

<t*-mi©i i iKjaifc*A/-ettftaft*u^A 

*¥**©::*?**. 4bWcMliBic«l3«TMA 
£t*Tt*. #7*0. 8*«T0tf7 7-f7RB«tt± 

aa<b * y ^ a ai¥WHni & u * ft # , 

*<BW¥ ttl 0 0-5 0 0 0*y#x h a-Afc-fft C 
ktfWCft*. lOOrfv^Ahn-AJSOF-Ctt, * 

a^tuwiafury ^ A»*aK*««fcf»-r ft r k 

tfrtfc^U 5OOO;*>^AhD-AJ&Lt<0»*K 

fcft *a*b# y $ a© 3 fcsj&s 3«bc ft feA«B¥S 
* A3Wi»«i9MitiaE^ 7iSfii:a^b^ y * a 

Mb* »J 9A9M«(m3dWl1-ftfcib«)ft?tt*B 

fc«/W*ttffl&-ffti:*:fcU, *+y7-**jWt* 
< A'HK^flnMM £ b T £8 -C t ft v ^ 

0«f ftBfbtfy * A»*»ttWS:»ft z fc ft 

.fed, *smf*im**$K*it'*4*v*u9&* 

^l**^^*©*!^ LTti3 ft m^TTftft r 

< f i/»mjaTtcrftctiij:yff*L^*iOkftft. 
[ooiu *«^^t,^ft*efia<b^y^A^» 

*j^6ftft*)Wi:tt, nB. pH*ftv>ttiffl*»6ft 
ft*W«afb*y^A3R*»»^6«y. fckiLtfn/ 
i, n/p, n/i/p, n*/n/p, n* /n/ 
i, n/p/p* «<Z)J:d««iSi«L ( S6t*tl* 

n^aitffi^cDii^ftJiusAa^b^y ^A^^^ata 

&/S^ftc^pJ«6Tftft. JMSAa^y^A 
Sil^^^nfcfti^P^itfe^iirU^-C. 

*»«&y. «^isyis:i6!i8rrftri:t,prtg-cftft. 
**^i^a<t^y^A9fi*aw««ii:tt. ai,g 

aftftl^il n*6B«nfcJ>4<fc*-««0I I I 

ft. MABfb«y9AiW(Mit:A^ft«*CD2B«« 
6«ft*3W©lia©«!i:L-Ctt. B2i:Stn-Ga 
N/i-GaNOD^i^WfiODtttC, n-GaN/p- 
GaN, n-Gai-i In« N/p — G a i-« In 
u N, n-Gai-m Al« N/p-Gai- Al. N(^) 
J:34'»Stffty, 3MJ£Lb^e»^ft}63Wi©1ll)g©« 
kb"CttB5t3R"f n-GaN/n-Gai— In.N 
//P-Gai-. In. N (x£y) COffi^, n-Ga 
N/n-Ah-y Gay N/p-Ah-« Gam N (x 
£y) , n-GaN/n-Gait I n« N/p-Ga 
i— In- N^06^tn-GaN/p-GaN/n 
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5 

-Gai- In. N/p-Gai-. In. N4£ftf& 
&. ttz, I I I &7t3t£)zg ASfbtf'J 

igfcfli: LTti, @7Km-fn-Gai- In> N/p 
-G aw I NOffcK, n -G ai-> Aim N/p 
-Gaw Al* N, n-G a N/p-Ga N0>,fc}& 

liH8^"f n-Gai-. hi N/n-Gaw In 
* N/p-Gaw In- N (x£y) f 0fl&Kn-A 
Ga. N/n-Alw Gar N/p-Ah-. 
Ga. N (x£y) ^n-Gai-i In. N/p-Ga 
i-k I tib N/n -A 1 1-. G a- N/n - A 1 i-» G 
ay N/p-Ali- Ga- N (x£y, afcb) tf* 
S. U^t, fc<KZft*K»£*ft*fc0nMi4<, 

[0 012] ^*K*SW!t&»b#y * A¥**3S#* 

*<&«s^K^TSW§-r *. *$ra<&#A#{b£» 

*fx#*b£»i: LTI*, 7V*-7, =7y 

*ftti*ft£&±<*£T*a<&#Afcffl^*Cfc 
tfT't*. *ft, 7>*-7, £>Wtfii, tK7i/ 

$ A»©^«Stt/f XTNWl UT Srffiffl-T -5 r * 

#0Hfc • ffjfctffi c: t * .J: } K L ft * CD frffi 
^*zfcjWf*UV. cft£<&#xfc»gffiic#|&-f* 

<b# >j ^A3MiaMqi»ftfa-r*fei?)^tt^x-fe;i/«: 
ms^iaaEkiMi i*tm *«rr *<b£* * mh l r 

ftttaftllfttMfcMMM*, 

fc#?Ut#£ LTtt#;vlr;wiOTLT;tfxtt{b£*4: 
fc#ff*Lv^CDt44. *ft, BjRfc^XvtfAir 

fttfoT, K^x«<b^«0ttiMiill«cv-xJ:y l 
OfSJiLb, ff*L<ttl0 0«JBU:, «SK#*L<tt 


6 

lOOOfiJSLb^-r^rtT*^. 
10 0 13] *56^CDH*V-Xi:tt f I i ifcftjBfc 
LTttI I I &jz*0)£m<7)*&*£3L, 
«*flv**cfc#T?t*. 1 1 imjzmttt, a i . g 

a, In*» £S&ft &4>4 < t fc— §BR£>7t 1*0) i t "C 
*«• *ft, *«9iC0Bib^U^A«if^^9R$:^fi 

*. pS, i£fc*v>ttng<B»*g£ffl$:*7e>c:i:fc 
pS*fttti90K4b#y9AX¥»Hmfc 

a, Sr, Zn, Be, Cd, Hg^LiS^fcy, n 
**!6ttfcb-atSi, Ge.C, Sn, S, Se, T 
t:K*.*;:fcK:J;oT*-* 'J7-aaK** + 'J7-* 

-r* « - k- tf> m ^ * c t>-c * & . ' 

[0 014] *^fcfcn**MBEfcK<fc*B<b;tf'J$ 

20 ARi«(«snii^ar^±-e ( 1110**2: rat 

itJlta****+^b^&S5S^«Sffi^ttl&bfe 
[0 015] OT» — HtLT7>^-7^XS:Av>4 

mb £&&Av^cfl{b^fu ^^&*m$mMm&frt>* 

30 ^«b^U^A3M^»t^©BiaD^^ov^rK 
[0 016] H%A;U^7K2^iiGa&a&An v Xfi 

ffi^c^^v^rlO"-lo 1 Vc■ , • sec tc^^aa^fti 

40 OT10 l6 ~10*°/c* -sec iC4Sck^tC«»L 
ft. H«ffl^aK3^W:I n, Al, As, S b«*A 

iCttMst Ca, Sr, Zn, Be, Sb, Si, G 
e, C, Sn, Hg, Li, P^^Aft, ffifc<b#to± 

t'0 017J «S7iC«. fiWO. 8*RTO*7 

T-rrRffi&fflts 200-9 oor^ftURUft. * 

50 -f, »«7S:JC^«lrtT9 0 0X:-CJlII6Lfta, Bf 
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SOfiKfifiavcaSLO. l-10^V^hn-A/ 
sec <n&&&BLVl 00-5000*>^Xha-ACD 

aE^efififb^u^AR^^i^co. i-i 

0*>^AhQ-A/sec COfiajBWCO. 05~2m 
m 0J**<B JU9M<b# >J $ &*&m#M * ft* t fc. 
«WC, MUSfiafb#U$A?M^*CD±CGatD 
i/ty^-tH^Mg^y^-IH^t, 100 
-1 0 000*>iTxKn-ACOMgfcK-fc:>ifLfc 
B<b#U*A*¥»**&i&£U B<b#'J$A*¥* 

[0018J ^T. BE8MPOTI^'JV^7-<-^D 

matter afcacoms&att*. uv^^-y 

ft-icii^-et, xy*>£ffci:l,T«:K5>fxy*> 
-A7i/XhXy^>iT f ««>f*Vt*-AXyf-V^ 

e> co k ^ 4 x y * > 9&immm\z mm x * * <a t> «« 

-Wt4>i/*A, WtMM, «aL£GaN*ZnS 
t-A*»«^Xr<y *fc«lC J; >J * d t 

[0 0 19] <i nttx® e tit-m* zsr-fis^w- 

fcffofc. C^>*^CD«iC2 0V^«E&WJOLr 1 
5mAC0*»%aA-r<5ri:iCj:y f 15racdC3*fi 

[0020] 

[0021] 

[55SSA 1] 7Z/*x7*ffiPfcMBE»KJ:y, a 

2, *fA1r/u5. fc<kl«filnaR*;i/3r-6fc«ifc* 

[0 0 2 2] *Bffi;i>'>;K2KtiGa£fllfcA*vtl 0 
2 0TXJW8U 3SBJ8;uy?JMi:i*Mg£afcA*iT 
2 8or^MSLfc. ^Afcurnrv^xrfcteffl 

[0023] *«7i:LTti, *7fttf0. 5flE<D*7 
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fcVCl X10-*TorrTdDofe. *T. *ft6fc9 0 0 
*CV3 O^HBHnflRL, o^t?7 5 0lCfl!)aaEtc«»L« 

A^GaW^i/t v*-Mll*Ti5n, 1. 2* 
>4T*Kn-A/sec 5 0 0 * > ^A 

V>T, tt*tt*S<b#U $A¥***<0±K 3 0 0 0* 

10 L. * 6K*<&±KGa<&i/*y*-i:fflS$KMg(&S/ 
+ v*-&BIVT, 500*>5Txhn-A©Mg ft K 

- tr u i smitif y $ a**** tM-r * z t 

[00 24] O^T, BfflWia«C'JV^7-<-yo 

tt*. U v^5 7*-:/n1:Atta«<&7* hU^Ah 
Ar***fcji^Sfc5^«fcft*l,fc. o^t?, Al 

[0 0 2 5] r«wra^Mifcafffc5rvs,:/iry- 

*7o£. *«WO*^flliSS:ia2tc, *y*-K*Stt& 
aSLfdB*&03tc^-r, :^^t«i:2 0V© 
te4flWLT15mA0«»fc&Al'** f 15mc 

-r. 

[0026] 

[AM 2] 7>*x7Mt>fcMBE»tJ:y, S<b 

*• Hi^-r^^^x^gsirt^, »M^4e2 

[0 0 2 7] «M;U-y#2KttGaA«AilT10 
2 01CtcMSL, SM^4e3ftCttI n&JBAnT6 
6 0ruJtfSL f WIH;i/yaK4tC(*MgA«ftAnr 
2 8 0X:cifiaRbfc. ^fcbTt±7>^x7&ttffl 

fc#A-fejl/5MKl/. 3 7 0ricWRbT^4K» 
40 »C«S7t**#»«J:5l£LT5cc/iin <DJUt-e« 

[0028] «E7fcLTtt, *7ft#0. 5«<0^7 
7^7RffiSr«effl-r4. X&88ft<»EEXlt, fSM&tz 
fcVtl XlO-norrTfe-Dfe. *ffi6&9 0 0 

r-c3 0^wau»t ( ot>-c7 5or^aKtc«»Lfi2 

■ «5i. jfflltt7>*x7fc*X-feyP5^6«»Lft 

1. 2#V£fAhO-A/sec ^)fi8flGS5E*CG a i-« I 
n» N (x = 0. 12) C0«iaTW»9 0O*V^K 
50 n-A^^ea»b^'J^A»iW**S:f»tfe. 8! 
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^T, SJ*BflB<b^U^A»i»#flKo±tc5000 
^>^AhD-A©Gai-» In« N (x = 0. 12) 

IC * 0 ± K G a Q) i/ + v * - 1 H M g CD f * y * - 
ftH^T, 600^>ifXha-AflDM«&K-tf>5r 
LfcG a i-m I n « N (x = 0. 1 2) <&fijfi<& i W& 

[0029] Bmnicyvw^-f-^D 

A**«Bfc»fiW*fc«WS*fWLfc. owe, Al 
Wfc XSBtifttc J: o -CJM L It. 

10 0 3 0] rojws-ewanfeffft^j/virv- 


10 


10 

*?7ofc. C0i8^a)«i^ 2 ov^«E&8Jic ur i 2 

mA<0*8fc$:£A-fS*:, 1 2 m c d 0>»£36##«a 
[0031] 

BS»«3~5] #tttt<b#U9A4yWJI®JVifc 

200, 2000, 4 0 00*>2 , Ahn-AKLfc# 

SJfcl«Efc2 0VfcUfc»£CD** 
<M«t &50S« 1 1 1 h ic* 1 KjjVT. 
[0032] 

[JtKHl, 2] ^4»b#y$A¥»**0«£$: 

50, 6 00 0*>^Xha-AKbfc£W*35«*!l 

[0033] 

«1] 




ft itilflC, mcd 
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ttnm2 

8 0 0 0 

4 


[0034] 

[si] an^acffiv^fc«ASKco«m0?«^. 

^OBfIfali6&7j*l>£0"Ca&*. 
[03] 2mmiVimLtzm<ttiV1>A*m*%&mxS0 


[B4] mMivrmbtz&<t*v*&*wwxxm 
M/*^Lfc0-e**. 

[05] £tMGaN&ft^&Gai-» In. N£«3fc 
**0»fffi«|i§ 4m L fe0T* 4 . 
[06] *BaGaN*ffl^£GaN/Gai-« In* 

[07] #«a'Gai- In- Nfc«Ofci'>£»'\T 
ofllig^Ga I nN^^t*^CD»f®*ig$:^U/cl2r 

[08] $«AGai-. I n« NfcJ8^fc*V/W>^o 
HtgflG a I n N9WIA3»CD»fffifl|i6^Ufc0-e* 
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1 1 

1 

2 mmtov* 

3 m&f&fyytf 
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7 S& 
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15 i/ty^- 

16 *77-f7Rffi*fi 

17 #»*GaNJf 

18 WSln-GaNl 

19 JUtti-GaNjf 

20 A1«S 
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